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SOLID IMAGE PICKUP APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a solid image pickup 
apparatus having a pixel string in which photoelectric converting 
sections such as photo diodes are linearly arranged, and more 
particularly, it relates to the layout configuration of the solid 
image pickup apparatus . 
Related Background Art 

A CCD linear image sensor for use in an image reader such 
as a scanner is provided with photoelectric converting sections 
consisted of photo diodes and the like arranged in strings, and 
a CCD register. A signal charge photoelectrically converted by 
each photoelectric converting section is successively transferred 
to an output section through the CCD register. 

Moreover, a color CCD linear image sensor in which three 
linear sensors are arranged in parallel and reads out different 
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color images, respectively is broadly used in a color reader such 
as a color scanner. 

Fig. 1 is a plan view of a conventional CCD color linear 
image sensor , andFig. 2 is an enlarged view showing the constitution 
in the periphery of the end of a pixel string lb disposed in the 
middle of Fig. 1. The image sensor of Fig. 1 is provided with 
pixel strings la, lb, Ic in which a plurality of photosensitive 
pixels are arranged in three strings, and color filters (not shown) 
of red, green, blue and the like are formed on each of the pixel 
strings la, lb, Ic . The signal charges photoelectrically converted 
in the respective pixel strings are transferred to CCD registers 
3a, 3b, 3c via shift electrodes 2a, 2b, 2c, and they successively 
move in the CCD registers 3a, 3b, 3c along the arrow directions 
of Fig. 1. The electric charges reaching the ends of the CCD 
registers 3a, 3b, 3c are transferred to output circuits 4a, 4b, 
4c. The output circuits 4a, 4b, 4c are disposed corresponding 
to the respective pixel strings la, lb, Ic, and for example, color 
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image signals for RGB are outputted from the output circuits 4a, 
4b, 4c. 

In the conventional image sensor shown in Fig . 1 , the narrower 
the distance between the pixel strings becomes, the more the 
unevenness of resolution is reduced, so that it is possible to 
simplify the configuration of an optical system for focusing an 
object light on the light receiving surface of the photo diodes 
constituting the pixel strings, and the structure of a scanning 
mechanism system for allowing the image sensor to scan . Therefore , 
in recent years, the image sensor in which the distance between 
the pixel strings is narrowed has been vigorously developed. 

However, when the distance between the pixel strings is 
narrowed, the distances between the pixel strings la, lb, Ic and 
the CCD registers 3a, 3b, 3c are narrowed, so that the amoilnt of 
a light which leaks from the light receiving surfaces of the 
respective pixel strings la, lb, Ic to the CCD registers 3a, 3b, 
3c increases. Accordingly, there is a problem that owing to the 
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leaked light, excessive electric charges are generated in the CCD 
registers 3a, 3b, 3c. 

Fig, 3 is a sectional view along the line A-A of Fig. 2. 
As shown in Fig . 3 , a polys il icon layer is formed on a semiconductor 
siibstrate via an insulating film 5, and the polysilicon layer is 
used to form the shift electrodes 2a, 2b, 2c and transfer electrodes 
31 to 34 of the CCD registers 3a, 3b, 3c. 

A wiring layer 6 formed of a conductive material such as 
aluminum is connected to the shift electrodes 2a, 2b, 2c via a 
contact 7, and voltages for transferring the signal charges are 
supplied to the shift electrodes 2a, 2b, 2c via the wiring layer 
6. 

Wiring layers 8, 8 0 formed of a conductive material such 
as aluminum are connected to the transfer electrodes 31 to 34 of 
the CCD registers 3a, 3b, 3c via a contact 9, and voltages for 
the transfer of the signal charge are supplied from the wiring 
layers 8, 80 to the CCD registers 3a, 3b, 3c. 
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Furthermore, a wiring layer 10 of aluminum is disposed on 
each of the CCD registers 3a, 3b, 3c, so that no external light 
enters through the gaps of the wiring layers 6, 8, 80. 

The signal charges generated in the pixel strings la, lb, 
Ic are transferred to the CCD registers 3a, 3b, 3c via the shift 
electrodes 2a, 2b, 2c, and then, they is transferred in the CCD 
registers 3a, 3b, 3c along the arrow directions of Fig. 2. 

However, in the conventional image sensor , the external light 
passes through paths shown by the dotted arrows of Fig. 3 and enters 
a channel area 11 under the shift electrodes 2a, 2b, 2c and an 
electric charge transfer area 12 of the CCD registers 3a, 3b, 3c, 
and there is a fear that an S/N ratio is deteriorated. 

SUMMARY OF THE INVENTION 
The present invention has been developed in consideration 
of this respect, and an object thereof is to provide a solid image 
pickup apparatus in which an external light is prevented from 
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entering a CCD register or a shift electrode. 

To achieve the above -described object, according to the 
present invention, there is provided a solid image pickup apparatus 
comprising : 

a pixel string in which a plurality of photoelectric 
converting sections corresponding to pixels are arranged in one 
string; 

a CCD register, adjacently arranged to said pixel string, 
for successively transferring, in a predetermined direction, 
signal charges photoelectrically converted in the respective 
photoelectric converting sections; 

a wiring layer formed above the CCD register and its periphery 
via an insulating layer; and 

a contact formed in a strip shape along an electric charge 
transfer direction of the CCD register and connected to the wiring 
layer. 

According to the present invention, the contact is formed 



7 

SUBSTITUTE SPECIFICATION 



in a groove shape along the electric charge transfer direction 
of the CCD register, and a transfer electrode is connected to a 
first wiring layer via this contact . Because of this , the external 
light can be cut off by a filler conductive material filled in 
the contact, and no external light enters the electric charge 
transfer area of the CCD register, thereby improving S/N ratio 
of the solid image pickup apparatus. 

Moreover, according to the present invention, a contact hole 
is formed in a groove shape along a direction crossing substantially 
at right angles to an electric charge transfer direction under 
the shift electrode, and the shift electrode is connected to a 
second wiring layer via this contact . Because of this , the external 
light can be cut of f by the conductive material filled in the contact , 
and no external light enters a channel area under the shift electrode 
or the electric charge transfer area of the CCD register, thereby 
improving electric properties of pickup apparatus. 

Moreover, according to the present invention, there is 
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provided a solid image pickup apparatus comprising: 

a pixel string in which a plurality of photoelectric 
converting sections corresponding to pixels are arranged in one 
string; 

5 a CCD register, adjacently arranged to said pixel string, 

for successively transferring, in a predetermined direction, 
signal charges photoelectrical ly converted in the respective 
photoelectric converting sections; 

a transfer electrode for supplying a voltage for transferring 
10 electric charge to the CCD register; 

n (n is an integer of two or more) wiring layers formed in 
the form of upper and lower layers above the transfer electrode 
via an insulating layer; and 

a contact formed in a strip shape along an electric charge 
15 transfer direction of the CCD register in at least one place between 
the transfer electrode and the wiring layer and between two wiring 
layers vertically adjacent to each other via the insulating layer. 
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Furthermore, according to the present invention, there is 
provided a solid image pickup apparatus comprising: 

a pixel string in which a plurality of photoelectric 
converting sections corresponding to pixels are arranged in one 
string; 

a CCD register, adjacently arranged to said pixel string, 
for successively transferring, in a predetermined direction, 
signal charges photoelectrically converted in the respective 
photoelectric converting sections; 

n (n is an integer of two or more) wiring layers formed in 
the form of upper and lower layers above the CCD register and its 
periphery via an insulating layer; and 

a contact formed in a strip shape along an electric charge 
transfer direction of the CCD register in at least one place between 
two wiring layers vertically adjacent to each other via the 
insulating layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view of a conventional CCD color linear 
image sensor . 

Fig. 2 is an enlarged view showing the constitution in the 
vicinity of the end of a pixel string disposed in the middle of 
Fig. 1. 

Fig. 3 is a sectional view taken along line A-A of Fig. 2. 
Fig. 4 is a plan view of a first embodiment of the image 
sensor , 

Fig. 5 is a sectional view along line A-A of Fig. 4. 
Fig. 6 is a sectional view along line B-B of Fig. 4. 
Fig. 7 is a plan view of a second embodiment of the image 
sensor. 

Fig. 8 is a sectional view along line A' -A' of Fig. 7. 
Fig. 9A and 9B are a sectional view of a modification example 
along line A' -A' of Fig. 7. 

Fig. 10 is a plan view of a third embodiment of the image 
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sensor , 

Fig. 11 is a sectional view along line A" -A" of Fig. 10. 

Fig. 12 is a sectional view showing an example in which a 
predetermined voltage is applied to a diffusion area between the 
5 pixel string and the CCD register. 

Fig. 13 is a sectional view showing an example in which an 
electric discharge gate is disposed for discharging the electric 
charge of the pixel string. 

Fig. 14 is a sectional view showing an example in which a 
10 strip- shaped contact is formed for purposes other than the purpose 
of wiring the transfer electrode. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A solid image pickup apparatus of the present invention will 
15 specifically be described hereinafter with reference to the 
drawings. In the following, as one example of the solid image 
pickup apparatus, a CCD color linear image sensor (hereinafter 
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referred to simply as the image sensor) will be described in which 
linear pixel strings corresponding to red, green, and blue colors 
are closely arranged. 
(First Embodiment) 

The image sensor of the present embodiment is, similarly 
to Fig. 1, provided with pixel strings la, lb, Ic, shift electrodes 
2a, 2b, 2c, CCD registers 3a, 3b, 3c, and output circuits 4a, 4b, 
4c arranged parallel in three strings. 

The pixel strings la, lb, Ic have a plurality of photo diodes 
corresponding to pixels, which are arranged in one string, 
respectively (e.g., 2000 to 10000 diodes). Color filters (not 
shown) are attached to the top surface of the pixel string. 
Additionally, although omitted in Fig. 4, three pixel strings 
corresponding to red, green, and blue colors, respectively, are 
actually arranged in parallel . 

Fig. 4 is a plan view of a first embodiment of the image 
sensor, and corresponds to a part surrounded by a dotted line of 
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Fig. 1. Moreover, Fig. 5 is a sectional view along line A-A of 
Fig. 4, and Fig. 6 is a sectional view along line B-B of Fig. 4. 
In Figs. 4 to 6, the constituting parts cornmon to those of Figs. 
2 and 3 are denoted with the same numerals. 

The signal charge photoelectrical ly converted in the pixel 
string lb is passed through the channel area 11 under the shift 
electrode 2b, and transferred to the electric charge transfer area 
12 in the CCD register 3b. The CCD register 3b successively 
transfers the signal charge from the shift electrode 2b along the 
arrow direction of Fig. 4 . The output terminal of the CCD register 
3b is connected to the output circuit 4b (Fig. 1) for converting 
the transferred electric charge to an output signal . 

As shown in Figs. 4 to 6, the CCD register 3b includes a 
plurality of transfer electrodes 31 to 34 arranged in one string, 
and the electric charge transfer area 12 formed under the transfer 
electrodes 31 to 34. As shown in Fig. 6, a voltage <t)l is applied 
to the adjacent transfer electrodes 31, 32, and a voltage (j)2 is 
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applied to further two adjacent transfer electrodes 33, 34. 

As shown by slant lines in Fig. 4, a groove-shaped contact 
hole 9a extended along the electric charge transfer direction (the 
longitudinal direction of the CCD register) is formed on the top 
surfaces of the transfer electrodes 31, 32, and this contact hole 
9a is filled with conductive materials such as aluminum to form 
a first contact. As shown in Fig. 5, the transfer electrodes 31, 
32 are connected to the upper wiring layer (first wiring layer) 
8 via the conductive material in the contact hole 9a. 

Moreover, contact holes 9b are formed at predetermined 
intervals on the top surfaces of the transfer electrodes 33, 34 
adjacent to the transfer electrodes 31, 32, and the transfer 
electrodes 33 , 34 are connected to the wiring layer 80 (fifth wiring 
layer) via the contact holes 9b. The contact hole 9b is filled 
with the conductive materials such as aluminum to form a fifth 
contact . 

As shown in Fig. 4, the transfer electrode 31 is formed like 



15 

SUBSTITUTE SPECIFICATION 



a comb, and the transfer electrodes 31 and 32 formed adjacent to 
each other are connected to the contact hole 9a. Moreover, each 
transfer electrode 33 is formed between the comb teeth of the 
transfer electrode 31. 

On the other hand, as shown by slant lines in Fig. 4, formed 
on the top surface of the shift electrode 2b is a groove - shaped 
contact hole 7a extended along the longitudinal direction (a 
direction crossing substantially at right angles to an electric 
charge transfer direction in the channel area 11) of the shift 
electrode 2b. The shift electrode 2b is connected to the wiring 
layer (second wiring layer) 6 via the contact hole 7a. The contact 
hole 7a is filled with the conductive materials such as aluminum 
to form a second contact . 

Moreover, a wiring layer 10 is formed on the top surfaces 
of the wiring layers 6, 8, 80 via the insulating layer so that 
no external light enters via the wiring layers 6, 8, 80. 

As described above, in the present embodiment, since the 
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groove- shaped contact holes 7a, 9a extended in the longitudinal 
direction are formed on the top surface of shift electrode 2b and 
the top surfaces of transfer electrodes 31, 32 of CCD register 
3b, the external light can be cut off by the conductive materials 
filled in the contact holes 7a, 9a. Therefore, as shown in Fig. 
5, the external light incident between the wiring layer 6 and the 
shift electrode 2b, and the external light incident between the 
wiring layer 8 and the transfer electrodes 31 to 34 can be cut 
off, and no external light enters the electric charge transfer 
area 12 of the CCD register 3b, thereby improving the S/N ratio 
of the channel area 11 under the shift electrode 2b. 

Moreover, the structure of the present embodiment is the 
same as that of the conventional image sensor except that the contact 
holes 7a, 9a are formed in the groove shapes, and the contact holes 
7a, 9a can be formed in the conventional contact hole forming process , 
so that the change of the manufacture process is minimized, and 
there is no possibility that a manufacture cost increase. 
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Additionally, the contact holes 7a, 9a do not need to have 
the continuous groove shapes, and may be discontinued in some 
portions. In this case, however, a total length sum of the contact 
hole 9a preferably is equal to or more than the half of the entire 
extension of the longitudinal direction (electric charge transfer 
direction) of the CCD register 3b, and a total length sum of the 
contact hole 7a preferably is equal to or more than the half of 
the entire extension of the longitudinal direction (a direction 
crossing substantially at right angles to an electric charge 
transfer direction) of the shift electrode 2b. 
(Second Embodiment) 

A second embodiment has a feature in which the external light 
is entered less than the first embodiment. 

Fig. 7 is a plan view of the second embodiment of the image 
sensor, and Fig. 8 is a sectional view along line A' -A' of Fig. 
7. In Figs. 7 and 8, the constituting parts common to those of 
Figs . 4 and 5 are denoted with the same numerals . 
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In the image sensor of Fig. 7, similarly to Fig. 4, the shift 
electrode 2b and the wiring layer 6 are connected via the 
groove -shaped contact hole 7a, and the transfer electrodes 31, 
32 of CCD register 3b and the wiring layer 8 are connected via 
the groove-shaped contact hole 9a. 

Additionally, in the image sensor of Fig. 7, a wiring layer 
(fourth wiring layer) 10a formed above the wiring layer 6 is 
connected to the wiring layer 6 via a groove-shaped contact hole 
13 extended along the longitudinal direction of the shift electrode 
2b, and a wiring layer (third wiring layer) 10b formed above the 
wiring layer 8 is connected to the wiring layer 8 via a groove- shaped 
contact hole 14 extended along the longitudinal direction (electric 
charge transfer direction) of the CCD register 3b. These contact 
holes 13, 14 are filled with the conductive materials such as 
aluminum, and fourth and third contacts are formed, respectively. 

These wiring layers 10a, 10b are formed separately from each 
other, but are formed in the same manufacture process as that of 



19 

SUBSTITUTE SPECIFICATION 



the wiring layer 10 of Fig. 3. Additionally, when a gap position 
between the wiring layers 6 and 80 or between the wiring layers 
80 and 8 vertically overlaps the gap position between the upper 
wiring layers 10a and 10b, the external light possibly enters the 
electric charge transfer area 12, and the like. Therefore, it 
is preferable to form the wiring layers 6, 80, 8, 10a, 10b so as 
not to overlap these gaps . 

Moreover, a shielding film 15 is formed above the wiring 
layers 10a, 10b so that prevent the external light is not entered 
from between the wiring layers 10a and 10b. When the shielding 
film 15 is formed using a material with a low reflectance, the 
irregularly reflected light advancing between the shielding film 
15 and the wiring layers 10a, 10b can efficiently be cut off. 

As described above, in the second embodiment, since the 
groove-shaped contact holes 7a, 9a, 13, 14 are formed in upper 
and lower stages, no external light enters from between the wiring 
layers 6 and 10a or between the wiring layers 8 and 10b. Because 
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of this, the second embodiment is more subject to the external 
light than the first embodiment. 

Additionally, the contact holes 13, 14 may be discontinued 
in some portions. Moreover, either one of the contact holes 7a, 
9a may be omitted. Furthermore, either one of the contact holes 
13, 14 may be omitted. 

Moreover, instead of forming the strip- shaped contacts 7a, 
9a, 13, 14 in the upper and lower stages as shown in Fig. 8, the 
contact holes 13, 14 may be formed only between the upper wiring 
layers 10a, 10b and the wiring layers 6, 8 as shown in Fig. 9A. 
Alternatively, contrary to Fig. 9A, the contact holes 7a, 9a may 
be formed only between the lower wiring layers 2b, 33 and the wiring 
layers 6 , 8 . 

Furthermore, as shown in Fig. 9B, the wiring layers (6, 8) , 
(10a, 10b) , (40a, 40b) may vertically be formed in three or more 
layers. In the example of Fig. 9B, the wiring layers (6, 10a), 
(8, 10b), (10a, 40a), (10b, 40b) vertically adjacent to each other 
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via the insulating layer are connected via the strip- shaped contacts 
13, 14, 41, 42 along the electric charge transfer direction of 
the CCD register. 

In Fig, 9B, the vertically adjacent wiring layers are 
connected via the strip-shaped contacts, but only some sets of 
wiring layers may be connected via the strip-shaped contacts. 
Moreover, as shown in Fig. 8, the transfer electrodes 2b, 33 may 
be connected to the wiring layers 6 , 8 via the strip- shaped contact . 
(Third Embodiment) 

As shown in Figs. 4 and 7, when the groove- shaped contact 
hole 7a is formed on the shift electrode 2b, the threshold value 
voltage of the channel area 11 under the shift electrode 2b changes , 
and there is a possibility that an operation defect occurs. A 
third embodiment has a feature in which it is possible to prevent 
a fluctuation of threshold value voltage. 

Fig. 10 is a plan view of the third embodiment of the image 
sensor, and Fig. 11 is a sectional view along line A" -A" of Fig. 
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10. In Figs. 10 and 11, the constituting parts cotnmon to those 
of Figs, 4 and 5 are denoted with the same numerals. 

In the image sensor of Figs. 10 and 11, a polysilicon layer 
(conductive layer) 16 is formed above the shift electrode 2b via 
the insulating layer, for example, in the same manufacture process 
as that of the transfer electrodes 32, 34. The polysilicon layer 
16 and the wiring layer 6 thereabove are connected via the 
groove- shaped contact hole 7a extended in the longitudinal 
direction of the shift electrode 2b. Here, as shown by a dotted 
lineinFig. 10, the polysilicon layer 16 has a length substantially 
equal to the width of the channel area 11, and two adjacent 
polysilicon layers 16 are separated by the insulating layer. 
Therefore, the shift electrode 2b and the wiring layer 6 are 
connected in the contact hole formed in the gap position between 
two adjacent polysilicon layers 16. 

Moreover, the transfer electrodes 31, 32 of the CCD register 
3b are connected to the wiring layer 8 via the groove -shaped contact 
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hole 9a extended along the longitudinal direction (electric charge 
transfer direction) of the CCD register 3b in a similar manner 
as Fig. 5 . The contact holes 7a, 9a are filled with the conductive 
materials such as aluminum. 

In the image sensor of Figs . 10 and 11 , since the groove-shaped 
contact hole 7a is formed on the top surface of the polysilicon 
layer 16 above the shift electrode 2b, instead of being foirmed 
directly on the top surface of the shift electrode 2b above the 
channel area 11, the threshold voltage of the channel area 11 under 
the shift electrode 2b does not fluctuate. Moreover, since the 
external light incident between the shift electrode 2b and the 
wiring layer 6 is cut off by the contact by the contact hole 7a 
between the polysilicon layer 16 and the wiring layer 6 above the 
shift electrode 2b, the effect similar to that of the first and 
second embodiments can be obtained. 

The present invention can also be applied to the contacts 
other than those of the above-described embodiments . For example , 
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Fig. 12 is a sectional view showing an example in which a 
predetermined voltage is applied to a diffusion area (p-type area) 
between the pixel string Ic and the CCD register 3b in order to 
suppress the potential fluctuation of the substrate. 

As shown in Fig. 12, a sixth contact 92 is formed on the 
top surface of a p-type area 91 in the substrate, and a sixth wiring 
layer 93 is formed on the top surface of the contact . When the 
sixth contact 92 is formed in a strip shape substantially parallel 
to the longitudinal direction (electric charge transfer direction) 
of the CCD register 3b similarly to Fig. 4, the shielding effect 
can be obtained similarly to the above -described embodiments. 

On the other hand, Fig. 13 is a sectional view showing an 
example in which an electric discharge gate is disposed for 
discharging the electric charge of the pixel string Ic. As shown 
in Fig. 13, an electric discharge gate 101 is formed above the 
substrate between the pixel string Ic and a drain area 104 for 
discharging the electric charge of the pixel string Ic via the 
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insulating layer 5, a seventh contact 102 is formed on the top 
surface of the electric discharge gate 101, and a seventh wiring 
layer 103 is formed on the top surface of the contact . By applying 
the predetermined voltage to the seventh wiring layer 103, the 
electric charge accumulated in the pixel string Ic can be discharged 
to the side of the drain area 104 , and an electronic shutter function 
can be realized. 

Also in Fig. 13, by forming the seventh contact 102 in a 
strip shape in the longitudinal direction (a direction crossing 
substantially at right angles to an electric discharge direction 
under the electric discharge gate 101) of the electric discharge 
gate 101 similarly to Fig. 4, the shielding effect can be obtained. 

The example in which there is a gap between the wiring layers 
10a and 10b on the upper side (second layer) has been described 
with reference to Figs. 7 and 8, but the gap may be eliminated. 
For example. Fig. 14 is a sectional view showing an example in 
which there is no gap in a second wiring layer 10, the wiring layer 
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8a is formed in the first -layer wiring area for purposes other 
than the purpose of wiring the transfer electrodes 31 to 34 of 
the CCD register 3b, and the wiring layer 8a is connected to the 
wiring layer 10 via the contact 13 extended like a strip in the 
5 electric charge transfer direction of the CCD register 3b. 

Also in this case, the external light can be cut off by the 
first-layer contacts 7a, 9a and second-layer contacts 13, 14. 

As described above, the strip- shaped contact may be formed 
for purposes other than the purpose of wiring the transfer electrodes 
10 31 to 34. 



